The Ali Efenti catchment is a rural upstream subcatchment of the Pinios river basin in central Greece.
INTRODUCTION
The Pinios river basin is a water-stressed rural basin in central Greece, where 90-95% of the total water use is taken up by agricultural activities. Crop irrigation is extensively used to support satisfactory yield formation and quality, since the area suffers from water scarcity and droughts. The agricultural sector is important for the local and national economy and labour market, as this area is the primary producer of agricultural products in the country (Panagopoulos et al. a, b; SSW a) . addition, socio-economic change is expected to increase the pressure on water resources, as a growing population and better living standards may drive water demand higher.
However, the integration of future technological innovation will partly offset the increase in water demand (Dworak et al. ) . Sustainable water resources management in the catchment needs to address the current and future gap between water supply and demand, while meeting conflicting goals. On the one hand, the groundwater resources should be protected from over-exploitation, while, on the other hand, the economic losses from water shortages should be reduced.
The local river basin management plan (RBMP) (SSW a) estimates water stress of the local water bodies using a hydrologic approach, which is based on the statistical analysis of historical streamflow data. The applied model is the Water Evaluation and Planning system (WEAP21), which is a conceptual model based on water balances. WEAP's GUI, its flexible and customisable structure and its scenario analysis capabilities constitute its strong features (Yates et al. ) . The pilot area is Ali Efenti catchment, which is an upstream subcatchment of the Pinios river basin, covering north-western Thessaly. A GIS map of the area was used as reference background to schematise the river network, the subcatch- Nash-Sutcliffe coefficient (NSE) (Equation (1)), correlation factor (r) (Equation (2)) and mean value bias (PBIAS) (Equation (3)). The calibration (1981) (1982) (1983) (1984) and the validation (1984) (1985) (1986) (1987) (1988) results for the catchment outlet at Ali Efenti gauge show very good fit of the model, given the complexity of the study area (Table 1) . On catchment scale, naturalised streamflow, net water abstraction and water stress can be calculated using
METHODOLOGY
Equations (4)- (6), respectively. For those catchments where dams and reservoirs exist, their impact on catchment hydrology should be integrated into the calculation of the naturalised streamflow. In addition, for those catchments where hydrogeology allows extensive connectivity and strong interaction between surface water and groundwater bodies, the calculation needs to consider both the abstractions from rivers and aquifers. In such cases, higher abstractions from the rivers may lead to lower recharge of the aquifers and, vice versa, higher abstractions from the Water use per capita þ5.9%
Nights spent per tourist þ30%
Number of sheep þ10%
Number of pigs þ30%
Number of cattle þ40%
Industrial production þ30%
Urban land þ6.7% 
Water stress ¼ Net water abstractions Naturalised streamflow (6) The RBMP of the River Basin District (RBD) of Thessaly sets out local empirical thresholds for the characterisation of water stress following a hydrological approach (SSW a).
The thresholds have been determined using a statistical analysis of a long sample of local streamflows . Following this approach, if the water stress exceeds 50% on a monthly or a seasonal basis, then the pressure on the water body is considered 'severe'. The rest thresholds for the characterisation of water stress are shown in Table 3 .
The water stress is calculated for two temporal scales and the worst characterisation determines the characterisation of the overall water stress of the water body.
Furthermore, the RBMP of Thessaly sets out two scenarios of environmental restrictions on water abstractions from surface water and groundwater bodies to relieve water stress in the RBD. The scenario of moderate environmental restrictions requires that the water stress of the surface water bodies does not exceed 50% in the dry period and pumping from groundwater bodies is capped at 300 hm 3 per year. Similarly, the scenario of high environmental restrictions requires that the water stress of the surface water bodies does not exceed 35% in the dry period and pumping from groundwater bodies is capped at 250 hm 3 per year.
The adoption of any scenario of environmental restrictions on water abstractions will mean that the current level of water abstractions will need to be truncated for the portion that exceeds the maximum allowed water abstractions. The scenario of moderate environmental restrictions on water abstractions is already very ambitious for this water-stressed Greek RBD. Therefore, between the two proposals, the moderate scenario is assumed to be the most likely to be adopted in the future. climate variability and change, assuming no additional change.
The CCP1 scenario includes the impact of both climate and socio-economic change, based on the local water scenario P1.
The CCP1ENV scenario combines the impact of climate and socio-economic change with the adoption of environmental restrictions for water abstractions, based on the moderate scenario described in the local RBMP of Thessaly (see the section 'Environmental restrictions on water abstractions').
After the simulation of each scenario, the water supply from all sources to all users and the water demand from all sources by all users are calculated. The gap between water supply and demand can be approached by using the unmet water demand from all sources by all users (Equation (7)) and the water demand coverage in the catchment (Equation (8)). Calculations can be further elaborated to reflect the various water uses (i.e., urban and tourism, irrigated agriculture, livestock, industry) to explore the gap between water supply and demand by economic activity.
Water stress is estimated using Equation (6). On a monthly scale (Figure 3 ), the situation is expected to deteriorate if no measures are considered. The months with severe water stress (>50%) are expected to increase from three (June-August) to four (June-September). In addition, the highly water-stressed conditions in July, August and September are expected to worsen. In scenario CCP1ENV (restrictions on abstractions), the annual water stress is expected to fall sharply to 13.9% ('negligible' annual stress). On a monthly scale (Figure 3 ), a huge improvement is also detected. After truncating the water abstractions exceeding the monthly limit that indicates severe water stress (50%), no month is in severe water stress. 
Gap between water supply and demand
The simulation results (Table 4) stress in the catchment') impacts the water demand coverage largely, since it is expected to fall from almost 86% in the baseline to 68% in CCP1ENV (after the restrictions).
On a monthly scale, the highest unmet water demand and the lowest water demand coverage occurs during JulySeptember. In the CCP1ENV scenario, the situation worsens, because the reductions in water abstractions decrease the water supply to the consumers, while water demand is the same as in CCP1.
The simulations also indicate that 99% of the unmet demand occurs in the lowland areas of the catchment. This is explained by the fact that the majority of the fields under collective or individual irrigation systems and the majority of the livestock is located in this part of the catchment. Agriculture (including irrigation and livestock breeding) is the major water user in the catchment and almost all of the unmet demand comes from this sector (>99.5%). The share of the urban (including tourism) or the industrial sector in total unmet demand is significantly lower (<0.5%). However, taking into account the socio-economic context and the risks behind these two water uses, it should be highlighted that even the smallest cuts could cause serious damages in these sectors.
Discussion of the results
On the one hand, the above results indicate that the adoption of environmental restrictions on water abstractions may drive water stress in the catchment from 19.2% to 13.9%. On the other hand, this will cause a significant decrease in the water demand coverage from 86% to 68%.
A large proportion of future water demand will remain unmet and this will have a harsh impact on the agricultural sector of this rural catchment. Lower productivity and lower revenues for agricultural holdings, due to limited water availability, will have a knock-on effect on the local economy and labour market. Therefore, practical and costefficient solutions need to be sought in order to bridge the estimated gap between water supply and demand.
There are three socio-technical challenges associated with the decision to reduce water abstractions in the catch- and science-based evidence on these issues, since it focuses on listing measures, whereas it should seek optimal combinations and spatial distribution of them from an economic, environmental and social perspective.
It should be noted that the water stress in the catchment has been determined following a hydrologic method, which is based on the naturalised streamflows. In general, the hydrologic methods assume that the natural variability of the hydrological regime is crucial for the ecosystem functioning. These methods are often easy to apply due to their simplicity in logic and good availability of historical data.
The present study aims at gaining insight into the practicalities and impacts from implementing the environmental restrictions using this method, since this is the only one adopted in the local RBMP. Nevertheless, alternative and more elaborate approaches exist for determining the ecological flows (WFD CIS ).
The selected climate and socio-economic scenarios include a wide range of assumptions, which increase the uncertainty of the present analysis. Nevertheless, the impact of these assumptions in the final results is expected to be low for two reasons. First, these assumptions have been harvested from official reports or foresight studies and many of them have been discussed in workshops with local stakeholders. Second, the impact of climate and socio-economic change on future water supply and demand in the catchment was found to be relatively small within the timeframe of the analysis (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) . Thus, the uncertainty bound in these assumptions plays a small role in the final findings.
It should be highlighted that the timeframe of the analysis is limited up to 2030, because the scope of the current study is focused on: (a) the implementation of environmental restrictions on abstractions in the short term and (b) the investigation of the impacts on water resources and water management in the mid term. Therefore, the above timeframe is adequate for the purpose of the analysis.
Although climate change is small in the respective period, the long-term analysis of the climate projections shows that precipitation in the Eastern Mediterranean is expected to drop significantly after mid-century. Although it is difficult to forecast the technological and socio-economic advances that might have occurred by then, the trends indicate that the gap between water supply and demand will grow. Thus, additional adaptation efforts will be needed at a later period. Moreover, the current study could be further improved if the most updated RCP scenarios for future progress (AR5) were used. However, the respective data for Pinios river basin were not available at the beginning of this study, and the elaborated SCENES water storylines, at the level of European regions (e.g., the Mediterranean),
were built based on the GEO-4 storylines (AR4).
CONCLUSIONS
The Ali Efenti catchment suffers from seasonal water shortages, which lead to high gaps between water supply and demand. Almost all the unmet demand comes from the agricultural sector, which accounts for 90-95% of the water use in the area. The local RBMP for the Pinios river basin describes two scenarios of future environmental restrictions on water abstractions, which aim at relieving the existing water stress. Based on the moderate scenario, the water abstractions will need to be reduced to eliminate severe water stress in the dry period. This means that the net abstractions will need to be restrained below half of the volume of the naturalised flow at the catchment outlet.
Catchment hydrology and water resources management have been modelled using a conceptual model based on water balances, the Water Evaluation and Planning system (WEAP21).
The simulation results indicate that future climate and socio-economic changes in the region are expected to have a relatively small impact on the local water stress, at least in the timeframe of the analysis (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) .
On the contrary, restricting the water abstractions to satisfy the environmental goals will cause a substantial drop in the annual water stress from 19.2% to 13.9%.
To make this feasible, an enormous reduction in water abstractions will be required, which amounts to 90 hm 3 (À26%) during the dry period (June-September). Without the restrictions, the months with severe water stress (>50%) are expected to increase from three (JuneAugust) to four (June-September). After the restrictions, the situation improves greatly, as no month is expected to have severe water stress. The key negative impact from the environmental restriction on water abstractions is the dramatic deterioration of the gap between water supply and demand. The unmet water demand will rise, since less water supply will be delivered for the same water demand. Hence, the water demand coverage will decrease from 86% to 68%.
The PoM of the RBMP of the Pinios river basin describes numerous measures, which are currently implemented or will be funded as a priority in the future.
Regarding the Ali Efenti catchment, these include mainly demand-side measures, which focus on monitoring and controlling water use, enhancing water efficiency in the urban, agricultural and industrial sector, and raising public awareness on the issue of water scarcity and drought. The local PoM lacks structured and science-based evidence on how best to combine and distribute these measures spatially in a cost-efficient, target-effective, environmentally responsible and socially acceptable manner.
